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Conformal four-point amplitude

Axy.X.y) = X —Y)INHOX)OT(y)O(X)OT(y))

O=Tr{Z%} (= %(gbl + i) - chiral primary operator
In a conformal theory the amplitude is a function of two conformal ratios

A = F(RR)

YRR YR, (X yPX Y
R= xRy}~ oy R -7

At large N¢

Ay, X,Y) = A@Ne) @?Ne = A — ‘t Hooft coupling

AdS/CFT gives predictions at large A — oco.

Our goal is perturbative expansion and resummation of (AIns)" at large energies
in the next-to-leading approximation

(AMns)"(ck© + cNLO))
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Regge limit in the coordinate space

Regge limit: x;. — px;, X\ — X,y = py_, Y. = py—  p,p — x
Z

Xy— oo, X,

y = o)

Full 4-dim conformal group: A = F(R1,Ry)

_ =P -y PPy
(x=xX)2(y—y)? (x=x)3(y—y)}
. (X=X —y)? = (X —y)*(x=y)%?
(X=X)2(y —y)2(x = y)2(X —y)?
I YAy +XY (x=y)3 +x Y (X =y +xX,y (x—y)3]?
(x=x)3(y-y)xxyy
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4-dim conformal group versus S.(2,C)

Regge limit: x; — px4, X — pX,, y- — p'y_, Y. = py—  p,p —
ZL

Xy oo, X,

y = o)

Regge Iimit symmetry: 2-dim conformal group SL(2, C) formed from
Py, Py, M12 D, K, and Ko Which leave the plane (0,0,z, ) invariant.

Inversion: x; — 2 , Xy — xZ LY — in
L
All the ratios of the type
x=Vix-y)] XLy

> o —— are invariant

(x=Xx)3(y—y)3 (x—y)%

= much less restrictive
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Pomeron in the conformal theory

Axy;X,Y) T=° i—z/.du fy (W, v))F(\, 0)Q(r, v)REO)/2

L. Cornalba (2007)

f(w) = £°=1 - signature factor

Q(r,v) - solution of the eqn (Op, + v? + 1)Q(r,v) = 0.

Explicit form:
VZ 2 K/Z %+iu K/Z %—iu
Ury) = F/d Z((zﬂ - g)Z) ((2,4 : g)2>
ZZL 2 2

<:p1+§pz+zb pI=p;=0, 2(p1,p2) =S

1 X2 y? 2 12 1
K = 2X+(p1—;pz+xL)—2y+(p1—§pz+m, RS = 5
, X/2 2

1
k= ZX—,_(pl—?pz-FXl)—ﬁ(pl—y’?pz%—)ﬂ, 4r-r')? = LR

The dynamics is described by w(A, v) and F(A, v).
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Pomeron in the conformal theory

Ay X,y) T= 12/du F (WO 2))F O, )01, ) REO/2

Pomeron intercept w(v, ) is known in two limits:
A 2
1 A—0: w(v,\) = =x(v) + Nwi(v) + ...
™

x(v) = 24(1) — (3 +iv) — (3 —iv) - BFKL intercept,

w1(v) - NLO BFKL intercept Lipatov, Kotikov (2000)
24+ 4
2. A— 00 AdS/CFT = w,\) = 2— ——+
/ ) 2\
2 = gravition spin , nextterm - Brower, Polchinski, Strassler, Tan (2006)

Cornalba, Costa, Penedones (2007)
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Pomeron in the conformal theory

Ay X,Y) T=° %/du fy (W, ))FON, )QUr, v)REO)/2

The function F(v, A) in two limits:

1 A—0: Fr,\) = NFo(v) + A3Fi(v) + ...
Fo(v) = % Cornalba, Costa, Penedones (2007)
F1(v) = see below G. Chirilli and 1.B. (2009)
1 2
2 A—oo: AIS/CFT = w(n,)) = n?—L
sinh® v

L.Cornalba(2007)

We calculate F1(v) (and confirm w1(v)) using the expansion of
high-energy amplitudes in Wilson lines (color dipoles)
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Conformally invariant evolution equation?

X+— —©vo, XL

y_ﬁ_oo’yL

LO BFKL: From the full conformal group we get A = >" agfn(R2) In" Ry

(x=y2X =y)? XXy Y

N g vy R G (v

R: (and Ry) are symmetric with respect to projectile « target (x <y, X < Y).
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Conformally invariant evolution equation?

X+— —©vo, XL

y_ﬁ_oo’yL

LO BFKL: From the full conformal group we get A = >" agfn(R2) In" Ry
x=Y?(X —y)? PPy Y
(X=x)2(y=y)?  (x=x)iy-y)i

R: (and Ry) are symmetric with respect to projectile « target (x <y, X < Y).

NLO BFKL: A=Y al*1gy(Ry) IN"Ry
= also should be symmetric with respect to projectile « target.

R =
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Conformally invariant evolution equation?

X+— —©vo, XL

y_ﬁ_oo’yL

LO BFKL: From the full conformal group we get A = >" agfn(R2) In" Ry
x=Y?(X —y)? PPy Y
(X=x)2(y=y)?  (x=x)iy-y)i

R: (and Ry) are symmetric with respect to projectile « target (x <y, X < Y).

NLO BFKL: A=Y al*1gy(Ry) IN"Ry
= also should be symmetric with respect to projectile « target.

R =

= we need the evolution equation compatible with conformal invariance
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Expansion in Color Dipoles in the next-to-leading order

1
Fa(Xg) ~ /d221d222 lo(z1, 22) (tr{U5 UL,"}) n=1In P
(0%
+ / 22y022,02 11(21, 22, 28) (tr{Us, UL, "}t {U5, UL ™)
Evolution of the color dipole tr{U,, U3,"}: calculated
d
%{Uzluizn} = Kek {UzUL,"} + Knio sk {U UL}

NLO “Impact factor” |1 - to be calculated
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=4 SYM

Study of conformal invariance: structure functions in A/

IRV

Regge limit in the coordinate space: x,, -y, — oo, X_,

In a conformal theory
(0O (yOX)0tY)) = / dv 1A(as, 1)1 B(as, 1) Qr, )R

= [ 180) + a2 IE) + ad B0 )RS s

=] — 1 - pomeron intercept (known in the NLO order and at a.gNe — 00)

N I
YRy >
x-yRy X 112
=R Gy oy TR = OO

Expansion at (x — y)2 — 0 should reproduce coeff. functions ¢, and
anomalous dimensions ~, of local higher-twist operators G+iD”+‘2G+i in all

ordersin agin the limitn=j — 1.
Question: is any part/modification of this structure survives in QCD ?
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Study of conformal invariance: dipole evolution in N' =4 SYM

Composite dipole with conformally invariant rapidity cutoff

tr{U, U}

— tr{uxu;}_ /d2 x2Y2 In (XZ_YZ) [tr{UxU] Hr{UUJ} — Netr{U, U] }]

Evolution equation for conformal dipoles

%[tr{uxum””f = =5 / ¢z ([tr{UUr{UU]} — Netr{UxU 11

272
(X - y)z asmNe

X TXEY2 [l ) }
as [ dPZ(x—y)?

4r2 | (z— Z)2x2Y7?
(x—y)2(z—7)? (x—y)2(z—2)?\, X2Y?

x {ZIn e (1 N gz ) In X’ZYZ}

[tr{UxU] }tr{UU] }tr{UzUJ} — (Z — 2]

KnLo is conformally invariant and analytic in complex momentum j.
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NLO evolution of color dipoles in QCD

dintr{uxu;} = 0‘—52 / d22 [tr{uxu;}tr{uzuf}—thr{uxu;}]

(x —y)? asNe -Y?2 X2 67 n?
X [1+ (bIn(x — y)? 2, pX Y o N3+ 3)]
&/ o7 H* X'2Y2 4 Y22 _ 4(x fy)z(sz)ZmX’zYz}
471-2 ( 721)4 2<X/2Y2*Y/2X2) Y/2x2

x [tr{UxUitr{UUJ }{U U} — tr{UUfU,UfU UL — (7 — 2)]
(x=y2z=2)p, (x=y*z-2) (x—y(z=2)%, XY

X2Y12 { n X/2Y2 X2Y12 _ X/2y2 ) n x/2yz}
x [tr{UxUJ r{U,U] }{U, UJ} — tr{UxU} U,UjU,UJ} — (Z — z)]}

+

+(1+

b=4YN.— 2, X=x-zY=y-zX =x-2Z Y=y 7

KnLo Bk = Running coupling part + Conformal "non-analytic” (in ) part
+ Conformal analytic (N = 4) part

Linearized Knio Bk reproduces the known result for the forward NLO
BFKL kernel.
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